Given its ability to yield predictions for very diverse phenomena based only on two parameters-body size and temperature-the Metabolic Theory of Ecology (MTE) has earned a prominent place among ecology's efficient theories. In a seminal article, the leading proponents of the MTE claimed that the theory was supported by evidence from Pauly's (On the interrelationships between natural mortality, growth parameters, and mean environmental temperature in 175 fish stocks. Journal Du Conseil International Pour L'Exploration de la mer 39:175-192) dataset on natural mortality, biomass, and environmental temperature for 175 fish stocks spanning tropical, temperate, and polar locations. We demonstrate that the evidence presented by the proponents of the MTE is flawed because it fails to account for the fact that Pauly reestimated environmental temperatures for polar fish as 'physiologically effective temperatures' to correct for their 'abnormally' high natural (mass-corrected) mortalities, which on average turned out to be similar to (rather than lower than) the mortalities recorded for temperate fish. Failing to account for these modifications skews the coefficients from MTE regression models and wrongly validates predictions from the theory. It is important to point out these deficiencies given the broad appeal of the MTE as a theoretical framework for applied ecological research. In a recent application, the MTE was used to estimate biomass production rates of prey fish in a model of invasive Indo-Pacific lionfish (Pterois volitans and P. miles) predation in Bahamian reefs. We show that the MTE coefficients may lead to a drastic overestimation of prey fish mortality and productivity rates, leading to erroneous estimations of target densities for ecological control of lionfish stocks. A set of robust mortality-weight coefficients is proposed as an alternative to the MTE.
Introduction
Building on the seminal works by Arrhenius (1889) on the effect of temperature on biochemical reactions and by Kleiber (1932) on the scaling of metabolic rate with animal size, Brown et al. (2004) set forth a metabolic theory of ecology (MTE) with the underlying premise that the metabolic rate of organisms is the fundamental biological rate that governs most observed patterns in ecology. The authors compiled numerous examples from the ecological literature to support the concept that metabolic rate controls ecological processes at all levels of organization from individuals to the biosphere, including life history attributes (e.g. population growth rate, mortality rate, age at maturity), population interactions (e.g. carrying capacity, rates of competition and predation), and ecosystem processes (e.g. patterns of trophic dynamics).
Given its ability to yield predictions for very diverse phenomena based only on two parameters-body size and temperaturethe MTE rapidly emerged as a prominent example of an efficient theory in ecology, i.e. the MTE is a theory that '. . . is grounded in first principles, it is expressed in the language of mathematics, it makes few assumptions and generates a large number of predictions per free parameter, it is approximate, and it entails predictions that provide well-understood standards for comparison with empirical data' (Marquet et al., 2014) . A large body of empirical data has been assembled to support the notion that size and temperature constrain diverse rate processes, including DNA evolution (e.g. Gillooly et al., 2005) , population growth , and ecosystem carbon flux (Enquist et al., 2003) , through their effects on metabolic rate. The MTE has also found applicability in fisheries science where it has been used to examine a variety of processes such as nutrient recycling rates in marine food webs (Allgeier et al., 2015) ; abundance, production, and size-structure of world fish stocks (Jennings and Collingridge, 2015) ; and the impacts of climate change on marine ecosystems (Barneche et al., 2014) , among others.
In a recent application, Green et al. (2014) used the MTE to compute the rate of prey fish production in a model of IndoPacific lionfish (Pterois volitans and P. miles) predation in invaded Bahamian coral reefs. The authors calculated biomass production P (g year
) by each individual lionfish prey as
where Z and M are the instantaneous mortality rate and body mass in g, respectively. According to the MTE, the mortality rate Z scales as an allometric function of body mass M with constants j and q, which approximates the ratio of production rate in grams per hectare per year to standing biomass in grams per hectare, such that
The term e E=kT describes the effect of environmental temperature on prey fish production rates, where E is the activation energy (0.65 eV), k is Boltzmann's constant (8.617 Â 10 À 5 eV K À 1 ), and T is ambient water temperature (in degrees Kelvin). As pointed out by Valderrama and Fields (2015) , Green et al. (2014) assumed an incorrect value of 3.08 for constant j, which was estimated by Lorenzen (1996) in the context of the simpler model Z ¼ jM q that omits the correcting factor e E=kT . In their response, Green et al. (2015) replaced 3.08 with e 26:25 as estimated in the regression model of fish mortality rates presented in Figure 4b of Brown et al. (2004) , which was based on data from a study by Pauly (1980) examining the interrelationships between natural mortality, growth parameters, and ambient temperature in 175 fish stocks spanning tropical, temperate, and polar locations. We demonstrate here that the coefficients estimated by Brown et al. (2004) are flawed because the authors failed to account for the fact that Pauly replaced actual environmental temperatures for polar fish (those occurring in waters of 3.5 C mean annual temperature) with 'physiologically effective temperatures' to compensate for the relatively high mortality rates observed for polar fish in his dataset. According to Pauly, these mortality rates were more characteristic of temperate fish and therefore suggested a metabolic adaptation to colder waters by polar fish. The most important implication of this finding is that Pauly's mortality data fail to provide sufficiently strong evidence in favour of the MTE. As such, we recommend that fishery scientists carefully examine the empirical evidence that has been presented in support of the MTE prior to using the theory as a framework for the estimation of life history attributes such as natural mortality rates.
Survival and mortality in the MTE
Although ecologists have traditionally viewed survival times and their inverse, mortality rates, as being highly variable and consequences of extrinsic environmental conditions rather than intrinsic properties of individual organisms, the fact that most populations are neither continuously increasing nor decreasing is an indication that mortality rates must very nearly equal fecundity rates, and fecundity is fuelled by biomass production . Therefore, proponents of the MTE argue that the theory can be used to predict much of the variation in field mortality rates Z. According to Equation (7) in Brown et al. (2004) , the following proportionality between mortality rate Z and body size M must hold:
where E and k and all other variables are as defined previously. If Equation (3) is fundamentally correct, then a linear regression of the natural log of ZM 1=4 (the mass-corrected mortality rate) against 1=kT would yield a slope coefficient equivalent to E (hypothesized to range from 0.60 to 0.70 eV), and an intercept equivalent to the natural log of j in Equation (2). Logically, the intercept corresponds to the proportionality constant implied in Equation (3). Using the fish mortality data from Pauly (1980) , Brown et al. (2004) found that the slope of the size-corrected relationship between mortality rate and temperature gives an activation energy of 0.45 eV (95% CI, 0.37-0.54), which is somewhat lower than the predicted range of 0.60-0.70 eV.
Pauly's study is an examination of the interrelationships between natural mortality, growth parameters (from the von Bertalanffy growth model), and mean environmental temperature in 175 different stocks of fish distributed in 84 species, both freshwater and marine, and ranging from tropical to polar waters. The dataset provides a suitable empirical context to test the predictions from the MTE. Pauly included the entire dataset in the original article (Table 1) , allowing the regression model of Brown et al. (2004) to be easily replicated. An important caveat about Table 1 in Pauly (1980) is that the temperatures listed for the 22 stocks of polar fish (those occurring in waters of 3.5 C mean annual temperature) are the 'physiologically effective temperatures' resulting from modifying the actual mean annual temperature data in order to account for the 'abnormally high' [sic] natural mortalities observed for polar fish, a phenomenon suggestive of the process of metabolic cold adaptation (the hypothesis that polar fish show a resting metabolic rate higher than predicted from the overall rate/temperature relationship established for temperate and tropical species) proposed by a number of authors (Scholander et al., 1953; Wohlschlag, 1960 ) (The notion that higher natural mortality rates are associated with an adaptation to cold temperatures seems counter-intuitive at first but it is a correct one. Rather than referring to the enhanced ability to survive under strenuous environmental conditions, metabolic cold adaptation refers to an increase in the rate of metabolic processes under these strenuous conditions, including respiration, growth, egg production, and mortality). Table XVII in Pauly (1979) can be used to estimate the mean environmental temperatures corresponding to the 'physiologically Table 1 in Pauly (1980) . Thus, 'physiologically effective temperatures' ranging from 24.0 to 4.0 C correspond to environmental temperatures between -2.0 and 4.0 C (A detailed explanation of the procedure used by Pauly 1979 to derive 'physiologically effective temperatures' for polar fish is provided in the online supplementary materials.). The Appendix 1 reproduces the data in Table 1 in Pauly (1980) with stocks arranged in descending order according to mean environmental temperature. For polar fish ( 3.5 C), both the actual environmental and the physiologically active temperatures (enclosed in brackets) are listed. For these stocks, Table 1 in Pauly (1980) presents only the physiologically effective temperatures enclosed in parentheses.
The major goal of the regression models in Pauly (1980) is to develop equations that provide highly reliable estimates of Z for any given fish stock, given the parameters of the von Bertalanffy growth formula and an estimate of the mean water temperature in which the stock in question lives. Because the goal is to obtain valid estimates of Z, using 'physiologically effective temperatures' for polar fish-rather than actual environmental temperaturesis warranted in Pauly's analysis. However, because the purpose of Brown et al. (2004) is to establish a theoretically consistent relationship between mean environmental temperature and natural mortality Z, the regression models must be based on the original dataset of mean environmental temperatures rather than the 'physiologically effective temperatures'. Failing to do so would distort the results of the analysis.
Given the above caveat, we proceeded to replicate the linear regression of the natural log of ZM 1=4 (the mass-corrected mortality rate) against 1=kT in order to obtain an estimate of the slope coefficient consistent with the theoretical expectation for E in Equation (3). Our results nevertheless produced an activation energy of 0.39 eV (95% CI, 0.31-0.46), which is lower than the 0.45 eV value reported by Brown et al. (2004) , and much lower than the predicted range of 0.60-0.70 eV. The relationship between mass-corrected mortality rate and environmental temperature is graphically represented in Figure 1a .
A comparison of Figure 1a with Figure 4a in Brown et al. (2004) would seem to indicate that polar fish data have been excluded in the latter as the horizontal axis only show observations for which 1=kT < 42; i.e. T > 3. 16 . However, a closer examination of Figure 4a in Brown et al. (2004) reveals that, on the contrary, Brown et al. (2004) ran their models using Pauly's 'physiologically effective temperatures' rather than the actual environmental temperatures. Thus, while the 22 temperature observations for polar fish ranged from 5 to 16 C in Brown et al. (2004) , the real environmental temperatures ranged from 3 to -1 C. To cite just one example of the resulting inconsistencies, American plaice Hippoglossoides platessoides collected in St. Mary Bay, Nova Scotia (T ¼ -1 C) is assigned a T value of 15 C in Brown et al. (2004) , which is the same mean environmental temperature estimated for the California anchovy Engraulis mordax (see Appendix 1). Figure 1b recalculates the regression model using 'physiologically effective' rather than actual mean environmental temperatures. The estimated activation energy is 0.45 (95% CI, 0.36-0.53), matching the results reported by Brown et al. (2004) : 0.45 eV (95% CI, 0.37-0.54). The slight discrepancy in confidence intervals may have resulted from typos in Pauly's dataset (e.g. 78 g instead of 7.8 g in observation 136).
An alternate way to test the validity of the MTE is to run a regression of temperature-corrected mortality rate (ln Ze E=kT À Á ) against body mass (log-transformed data). The slope of the regression should approximate the predicted value of the allometric exponent, -1 =4. Brown et al. (2004) reported a slope of -0.24 ( Figure 4b in their article); we found it to be -0.23 (95% CI, -0.19 to -0.27; Figure 2a ). Once again, the -0.24 estimate is replicated when the mean environmental temperatures for polar fish are replaced with the corresponding 'physiologically effective temperatures' (Figure 2b) . As mentioned previously, the value of constant j in Equation (2) can be computed as the antilog of the intercept in both regression models. If the MTE provides an accurate description of variability in mortality rates, the intercepts in each model should be relatively close to each other. Brown et al. (2004) report two different estimates for j: e 19:24 and e 26:25 (i.e. the antilogs of the intercepts in Figure 4a and 4b in Brown et al., 2004) , which is to be expected given that the estimated value of the activation energy (-0.45 eV) is significantly lower than the predicted range of 0.60-0.70 eV. Notice that there is a discrepancy between the reported intercept in Figure 4b in Brown et al. (2004) and the graphical intercept shown in the same figure (about 19.2). Green et al. (2015) nevertheless selected e 26:25 as the empirically validated value of j for their estimation of natural mortality rates of lionfish prey.
Because Brown et al. (2004) ran their models with the incorrect sets of temperature data for polar fish, the correct estimates of j resulting from Pauly's dataset are e 16:637 and e 27:102 . They diverge widely because the dataset exhibits a great deal of variability that is not properly accounted for by the theoretical relationships in the MTE. This variability left unexplained by MTE models has been identified previously as a major weakness of the theory (e.g. Tilman et al., 2004; Price et al., 2012) . Brown et al. (2004) themselves acknowledged the existence of this residual variation, which suggests that other variables and processes not considered in the general theory are important as well, a view that is shared by many other authors (e.g. Marquet et al., 2004; Enquist et al., 2007; Rüger and Condit, 2012) . Although Brown et al. (2004) interpreted residual variations largely as departures from the theory's predictions, authors such as Dickie et al. (1987) take a more critical view by arguing the existence of two distinct weight relationships: a physiological relationship that reflects the weight dependence of the metabolic rate, and an ecological relationship that reflects ecological factors such as spatial dynamics of predator-prey relationships.
In his recent reviews of the evidence countering the predictions of 'metabolic pacemaker' theories such as the MTE, Glazier (2014 Glazier ( , 2015 convincingly argued that a major weakness of these energy-based growth models is their failure to acknowledge that rates of metabolism and other biological processes are coregulated by genetic, cellular, and neuroendocrine informational control systems. A truly comprehensive theory must take into consideration the combined influence of energy and information on biological activities, thus implying that growth is not simply determined by metabolic rate but jointly adjusted with it. For example, lifespan in animals is influenced by a number of factors that may be independent or not from body size, even if the general trend if for smaller species to have faster metabolic rates and shorter lifespans than larger species (Austad, 2010) . Thus, the long lifespans of small species such as bats and birds can be partially explained by the reduced risk of predation associated with flight as an ecological adaptation.
Similarly, although temperature increases are normally associated with increases in the rates of biological activities and underlying metabolic processes, it is also true that the adaptive responses of organisms may directly contradict the predictions of energy-based growth theories (Glazier, 2015) . For example, contrary to the postulates of the MTE, the marine snail Echinolittorina malaccana decreases its metabolic rate as ambient temperature increases over the range [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] C in order to conserve energy under warm conditions (Marshall and McQuaid, 2011) . On the other hand, marine pteropods can increase their metabolic rate as ambient temperature declines, defying the predictions from the MTE (Seibel et al., 2007) . This phenomenon is reminiscent of the metabolic cold adaptation studied by Scholander et al. (1953) and Wohlschlag (1960) in polar fish, which is consistent with the fact that size-corrected mortalities for polar fish ( 3.5 C) in Pauly (1980) are not lower on average than the mortalities observed for temperate fish (3.5 C T 22 C). In fact, inspection of Figure 1a suggests that the relationship between mass-corrected mortality rate and 1=kT is better described by a curvilinear function (e.g. quadratic) as opposed to the linearity imposed by the MTE.
The collective evidence presented by Glazier (2015) and other authors suggests that a major deficiency of the MTE is its assumption of a monotonic relationship between temperature and life history attributes. The studies on metabolic cold adaptation reviewed by Pauly (1979) clearly illustrate this point. Figure 3 depicts the relationship between the log of K -the growth rate in the von Bertalanffy growth function-and environmental C) and Taylor (1958) (4.5 C < T < 12 C). While the data for temperate cod confirms the positive relationship suggested by the MTE, the relationship becomes negative for cold-adapted cod. Given the assumption of monotonicity, the MTE fails to capture this adaptation to the extent that an empirical quadratic function such as the curvilinear trend in Figure 3 does. Notice that this function can also be used to approximate 'physiologically effective temperatures': a coldadapted cod growing at 2 C would have a 'physiologically effective temperature' of 9.7 C, for example. Given that the MTE is essentially a broad, monotonic, largescale attempt to predict variations in the rates of a number of biological processes using only two explaining factors (body size and temperature), it can be used as a general predictive tool as long as it is recognized that it may oversimplify or even misrepresent the processes it is attempting to describe (Glazier, 2015) . Therefore, it is important to point out the limitations of applications of the theory such as determination of target densities for invasive lionfish in the Bahamas reefs by Green et al. (2014) . The following section provides further details on the study of Green et al. (2014) , illustrating how estimates of target densities are strongly influenced by assumptions on the parameter values derived from the MTE. Green et al. (2014 Green et al. ( , 2015 estimated target densities for invasive lionfish stocks in 24 natural coral patch reefs off Eleuthera Island, , and body mass, lnðMÞ, measured in grams, based on fish mortality data from Pauly (1980) . (a) Using the actual mean environmental temperature records for the subset of polar fish data. (b) Using thephysiologically effective temperaturé data estimated for polar fish by Pauly (1980) . Bahamas. The aggregated rate of biomass production of prey fish ( P ), computed as the summation of individual Ps in Equation (1) over the assemblage of prey fish (per hectare of habitat), was compared with the rate of prey consumption ( C in g prey ha
Determining target densities for invasive lionfish stocks in Bahamian coral reefs
) by lionfish in each site. Thus,
where d is the density of lionfish per hectare of habitat, W is the mean body mass (in g) of lionfish, p is the mean proportion of fish in the total diet of lionfish, and y is the number of days in a year. The function 9 Â 10 À22 e 0:16T describes the scaling relationship between lionfish mass-specific prey consumption rate (g prey g lionfish À 1 d À 1 ) and body mass (g) derived from field studies of lionfish prey consumption at different water temperatures (Green et al., 2015) . The scaling constant h has a value of -0.29 for lionfish (Côté and Green, 2012) . The target density d Target is then the threshold density at which prey consumption by lionfish ( C ) equals the rate of prey fish biomass production ( P ).
The level of detail provided by Green et al. (2014 Green et al. ( , 2015 ) allowed us to re-estimate target lionfish densities (medians of distributions) for four sites (numbers 55, 70, 71, and 72) using different values for constant j in the prey fish production model. Columns 6 through 9 in Table 1 present the target density for each site under the assumption that j ¼ e 26:25 , which Green et al. (2015) selected based on the relationship between body mass and temperature-corrected mortality rate suggested by Brown et al. (2004) . Columns 2 through 5 and 10 through 13 re-estimate target densities for the same sites assuming that j ¼ e 16:637 and j ¼ e 27:102 , which are the two estimates of j that would have emerged from the Brown et al. (2004) regressions (log of masscorrected mortality rate against 1=kT and log of temperaturecorrected mortality rate against log of mass, respectively) if the correct set of environmental temperatures had been assumed for polar fish (Figures 1a and 2a) . A number of simplifying assumptions was made for this analysis: average prey size was assumed to be 1.47 g (as reported by Green et al., 2011) whereas each reef patch was assumed to have an area of 125 m 2 (Green et al., 2014 indicate that study reefs were 100-150 m 2 in size). When j ¼ e 26:25 , average production rate of a prey fish (P) is 3.79 g fish À 1 year À 1 (see Equations 1 and 2). Given production rates per unit area reported by Green et al. (2015) , prey fish densities for each patch reef can be inferred (between 3.4 and 4.1 fish m À 2 ; Table 1 ). On the other hand, consumption rates by lionfish are easily estimated via Equation (6), based on lionfish densities and average lionfish size reported for each site. The resulting target densities are listed in the last two rows of Table 1 . In site 55, for example, a 151-g lionfish will consume approximately 6.4 kg of prey fish per year. Given that the reef produces around 1.8 kg of prey biomass per year, the target density is then 0.28 lionfish. Computed target densities varied from 0.28 to 0.63 lionfish per reef (23 to 50 fish ha
), representing a minuscule portion of the reported lionfish densities (from 0.8 to 3.1%).
Based on the inferred prey fish densities, prey fish production rates ( P ) and target densities can be re-estimated assuming that j ¼ e 16:637 and j ¼ e 27:102 . Given the widely diverging estimates of j, dramatically different results are obtained in each case. When j ¼ e 16:637 , prey mortality Z and productivity P collapse, implying that all lionfish must be removed (target densities are essentially zero). When j ¼ e 27:102 , prey fish mortality Z and productivity P more than double relative to the j ¼ e 26:25 scenario, from 2.58 to 6.04 and from 3.79 to 8.88 g fish À 1 year
, respectively. This in turn results in much higher target densities, which increase by a factor of 2.3.
It is clear then that estimates of prey fish productivity derived from the MTE are very sensitive to parameter assumptions, given the presence of the exponential term for constant j. Even an apparently minor variation in j from e 26:25 to e 27:102 more than doubles estimated prey fish mortality and productivity rates as well as Figure 3 . Relationship between log of K (growth rate in the von Bertalanffy growth model) and environmental temperature for Atlantic cod (Gadus morhua) stocks. Data for cold-adapted cod ( 3.5 C) were obtained from May et al. (1965) ; data for all other cod (4.5 C < T < 12 C) are from Taylor (1958) .
Flawed evidence supporting the Metabolic Theory of Ecology lionfish target densities. As indicated by Valderrama and Fields (2015) , a more sensible approach would be to replace the production-biomass ratio in Equation (2) with the simpler mortality-weight relationship
which removes the temperature correction factor from Equation (2). Lorenzen (1996) estimated these relationships for a number of natural and artificial (i.e. aquaculture) ecosystems. For tropical fish, Lorenzen found that q ¼ -0.21 (90% CI, -0.356 to -0.111) and j ¼ 3.08 (90% CI, 1.87 to 4.48). Table 2 presents prey fish mortality rates and lionfish target densities re-estimated using Lorenzen's coefficients. Ranging from 25 to 55 lionfish ha À 1 , target densities are much lower than those suggested by the j ¼ e 27:102 estimate resulting from the MTE (by a factor of 2.1, approximately).
The Mortality-weight model by Lorenzen (1996) generates much more stable predictions than the MTE. At the ecosystem level, he found no significant differences in parameters between lakes, rivers, and the ocean. A joint mortality-weight relationship for all natural ecosystems was estimated with parameters q ¼ -0.288 (90% CI, -0.315 to -0.261) and j ¼ 3.00 (90% CI, 2.70 to 3.30). These joint parameters result in negligible changes to the target densities presented in Table 2 , with the re-estimated densities ranging from 24 to 52 lionfish ha
. This robustness makes ) and average lionfish sizes and densities as reported by Green et al. (2014 Green et al. ( , 2015 . Three different values for constant j from the prey fish production model were assumed: j ¼ e Lorenzen's model much more appropriate for management purposes than the temperature-corrected MTE. This section ends with a caveat regarding the target densities reported by Green et al. (2014 Green et al. ( , 2015 . These targets are an order of magnitude higher than those presented in Table 1 . It is unclear why Green et al. report such high densities given the relatively low productivity of prey fish biomass as compared with the high rates of lionfish predation. For example, prey fish production is around 1600 g reef À 1 year À 1 in site 72 (Green et al., 2015) .
Given that the average lionfish weighs 95 g (20-cm length), annual consumption per lionfish is 4622 g of prey, according to Equation (4). Hence, the target density must be less than one lionfish per reef (in other words, lionfish must be eradicated given their voracious consumption), not four lionfish as reported by Green et al.
Conclusions
Marquet et al. (2014) argue for expanding the role of efficient theories in ecology in order to accelerate scientific progress, enhance the ability to address environmental challenges, and foster the development of synthesis and unification in the discipline, among other goals. With its power to abstract and simplify some of the complexity of nature, the MTE is particularly appealing as an efficient theory of ecology. Nevertheless, the MTE has been criticized by its failure to capture the influence of ecological and informational factors-other than body mass and temperatureas determinants of metabolic rates. Brown et al. (2004) attempted to validate the MTE by establishing a relationship between natural mortality rate in fish populations and body weight and ambient temperature using Pauly (1980) 's dataset of 175 fishing stocks. Unfortunately, the data fail to validate the MTE once the regression models are run with the correct set of environmental temperatures (as opposed to physiologically efficient temperatures) for polar fish. Given the failure of the MTE to capture the variability in Pauly's original dataset and the phenomenon of metabolic cold adaptation in polar fish, the coefficients resulting from the regressions of Brown et al. (2004) may lead to an overestimation of mortality and biomass production rates of prey fish in Green et al. (2014 Green et al. ( , 2015 model of invasive lionfish predation in Bahamian coral reefs. The study by Lorenzen (1996) on body weight and natural mortality in fish provides a more robust set of parameters by focusing on more homogeneous sets of observations, obviating the need to introduce the temperature correction associated with the MTE. Although Brown et al. (2004) envisioned a wide range of applications for their theory, they also warned about the risks of applying the MTE to practical problems of environmental policy and management (pp. 1787). Given the evidence presented in this study, we urge practitioners to carefully examine the suitability of the MTE prior to adopting the theory as a framework for applied ecological models in fisheries science. 
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